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APPARATUS FOR THE PRODUCTIGN OF ICE-CREAM MASS WITH SOLID INGREDIENTS 

The present invention relates to an apparatus for the production of frozen ice-cream 
mass with solid ingredients, such as pieces of fruit, chocolate, nuts or other solid 
5 ingredients, which in the finished ice-cream mass will appear substantially as 
inclusions which distinguish themselves by flavour, appearance and/or consistency 
from the surroimding, homogenous ice-cream mass. 

The ice-cream mass is preferably a so-called mix with a substantial content of mixed- 
10 in air, which in a continuous flow passes a first through-flow freezer where the mass 
is cooled, typically to -4*^C to -6®C. Hereafter, the solid ingredients are mixed in, 
after which the mass passes a second through-flow freezer where a uniform 
distribution of the solid ingredients is achieved, and where this second through-flow 
freezer comprises a freezing cylinder with an inner freezing surface which is 
15 regularly scraped by the rotation of a scraper arrangement. At the same time, the 
mass is cooled down in the second through-flow freezer, typically to -12°C to -16°C, 
so that the mass can hereafter be given its final form, e.g. by extrusion, and is stored 
without an intermediate cooling process to the storage temperature in order to 
achieve that stability of the ice-cream mass given to the mass by the storage 
20 temperature. 

BACKGROUND 

In the production by a known apparatus of ice-cream mass with solid ingredients, a 
continuous flow of mix is cooled in a through-flow freezer to -4°C to -6^C at the 

25 outlet of the through-flow freezer. The mix typically has a swelling degree of around 
100%, i.e. that before the inlet to the through-flow freezer, air is mixed in a volume 
that corresponds to the volume of the liquid mix, and this air is distributed evenly in 
the mix as small air bubbles. The solid ingredients are mixed in the flow of ice-cream 
mass with a mixing-in arrangement after the outlet of the through-flow freezer, 

30 typically a vane- or wing-pump, which provides a uniform relationship between the 
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ice-cream mass and the solid ingredients. Thereafter, the flow of ice-cream mass 
passes a mixing arrangement which brings about a xmiform distribution of the solid 
ingredients in the ice-cream mass. 

5 The ice-cream mass is thereafter formed into the finished products which are packed 
in a packing station and pass a J&eezing apparatus which quickly cools them to a 
storage temperature of typically -12**C to -IS^'C, so that a stability of the product is 
achieved, and the products are then stored for ftirther distribution. 

10 In the production of ordinary ice-cream mass without solid ingredients, it has proved 
to be advantageous to use a second through-flow freezer after the first through-flow 
freezer for cooling the mass to between -lO^'C and -20**C or lower as preparation for 
the extrusion of the mass for the formation of the final ice-cream bodies, which can 
be packed and finally stored without passing an intermediate freezing apparatus 

15 which is expensive iq initial costs, entails operational costs and which takes up space. 
The second through-flow freezer is typically of the same type as the first through- 
flow freezer, which comprises a conveyor screw which scrapes off the layer of ice 
which is formed on the inner side of a fireezing cylinder. However, the second 
through-flow freezer should be adapted to suit the different physical characteristics 

20 of the ice-cream mass, such as the greater viscosity. Through-flow freezers which 
ftmction in this maimer are known, for example from DE-A-39 18 268 and WO 
97/26800. 

The production of ice-cream mass with solid ingredients by use of a plant with both 
25 first and second through-flow freezer, so that the ice-cream mass is cooled to 
between -10*^0 and -20^C or lower, requires however the adaptation of both the 
mixing-in arrangement which mixes-in the solid ingredients in the ice-cream mass 
after the outlet of the second through-flow freezer, as well as the mixing arrangement 
which effects a uniform distribution of the solid ingredients in the ice-cream mass, 
30 the reason being that the higher viscosity of the ice-cream mass with the lower 
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temperature gives rise to a greater physical loading of those parts of the mixing-in 
arrangement and the mixing arrangement which are in engagement with and are to 
manipulate the ice-cream mass. 

5 However, the manipulation in the mixing-in arrangement and the mixing 
arrangement of the ice-cream mass with the lower temperature has some 
unintentional effects. Due to the high viscosity of the ice-cream mass, a substantial 
mechanical effect is imparted to the mass, which is not only costly in energy 
consumption but also heats the mass with up to several degrees Centigrade, which 
10 requires additional energy consumption for cooling the mass, and the manipulation 
also reduces the swelling of the ice-cream mass because the higher viscosity of the 
mass entails that the forces between the parts of the mixing-in arrangement and the 
mixing arrangement, which manipulate the mass, are relatively high. 

15 It is thus an object of the present invention to provide an apparatus for the production 
of low-temperature ice-cream mass with solid ingredients, said mass typically having 
a temperature of between -10°C and -20°C, where a reduction is achieved in the 
above-mentioned disadvantages in the form of consumption of mechanical energy 
for mixing-in and distribution of the solid ingredients, the increase in temperature of 

20 the ice-cream mass hereby, and/or hereby Hiq reduction in the swelling of the ice- 
cream mass. 

This object is achieved with an apparatus according to the present invention, which 
comprises a first through-flow freezer for cooling the continuous flow of mass, and a 

25 second through-flow freezer for frirther cooling of the continuous flow of mass, 
where a mixing-in arrangement for the mixing-in of solid ingredients into the 
continuoxis flow of mass is inserted between the first through-flow freezer and the 
second through-flow freezer instead of being placed after the second through-flow 
freezer. It is hereby achieved that the mixing-in of the solid ingredients takes place in 

30 the frozen ice-cream mass when it has a higher temperature, typically between -1°C 
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and AO^C and preferably between -3^C and -7°C, where the viscosity of the mass is 
lower, and herewith less use shall be made of mechanical energy and a weaker action 
of force for the mixing-in of solid ingredients, and it is also achieved that a mixing 
arrangement becomes superfluous, the reason being that the manipulation of the ice- 
5 cream mass in the second through-flow freezer results in a uniform distribution of the 
solid ingredients in the ice-cream mass at the outlet of the second through-flow 
freezer. 

In order to achieve this uniform distribution of the solid ingredients, it is an 
10 advantage that the second through-flow freezer comprises a freezing cylinder with an 
inner, rotation-synmietrical freezing surface, which is regularly scraped by the 
rotation of a scraping arrangement. However, several of such known through-flow 
freezers, which can be used for the present purpose, demand a quite high inlet 
pressure, often of the order of 12-14 bar, so that the ice-cream mass can be drawn 
15 through the through-flow freezer. The mixing-in arrangement shall herewith be able 
to mix-in the solid ingredients and deUver the ice-cream mass at a high pressure, 
which is difficult with a wing-pump which is preferred to be used as mixing-in 
arrangement, or a pump providing pressure must be arranged between the mixing-in 
arrangement and the inlet to the second through-flow freezer. 

20 

In order to relieve this problem, it has shown to be advantageous for the scraping 
arrangement to be a conveyor screw which comprises a plurality of screw flights, 
each of which extends in a helical path around a longitudinal axis, where at least two 
screw flights extend over the same part of the longitudinal extent of the conveyor 

25 screw, wherein the outer edge of the two screw flights extend at different radial 
distance from the longitudinal axis. A better induction is hereby achieved for the 
second through-flow freezer, and the inlet pressure can be reduced typically to 4-6 
bar, and a number of other advantages are also achieved. It is particularly 
advantageous for the reducing of the inlet pressure if the said least two screw flights 

30 extend over an inlet end part of the conveyor screw. 
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GENERAL DESCRIPTION OF THE INVENTION 

The present invention relates to an apparatus for the production of ice-cream mass 
with solid ingredients, and which comprises a first through-flow freezer for cooling 
5 of a continuous flow of mass, a second through-flow freezer for further cooling of 
the continuous flow of mass, and a mixing-in arrangement for mixing solid 
ingredients into the continuous flow of mass between the first through-flow freezer 
and the second through-flow freezer. Both of the through-flow freezers are 
preferably positively conveying, i.e. that they comprise a freezing cylinder, the iimer 
10 wall of which is cooled and suiroimds a rotation-synmietrical cavity, in which a 
conveying, rotating element such as a conveyor screw is driven by a driving element 
for the scraping of the inner wall and the conveyance of the mass from an inlet end to 
an outlet end of the through-flow freezer. 

15 The first through-flow freezer typically cools the mass to between -1®C and -10**C, 
preferably between -3°C and -7°C at the outlet of the first through-flow freezer, 
while the second through-flow freezer typically cools the mass to between -lO^C and 
-lO'^C, preferably between -12'*C and -16°C at the outlet of the second through-flow 
fireezer. 

20 

The mixing-in arrangement preferably comprises a wing pump. 

As mentioned, it is preferred that the second through-flow freezer comprises a 
freezing cylinder with an iimer, rotation-symmetrical freezing surface which is 
25 regularly scraped by rotation of a scraping arrangement, and more specifically that it 
is preferred that the scraping arrangement is a conveyor screw which comprises a 
plurality of screw flights, each of which extends in a helical path aroxmd a 
longitudinal axis, the outer edge of the two screw flights extending at different radial 
distances from the longitudinal axis. 

30 
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The screw flights are typically secured to an inner, closed core, which can he of 
cylindrical configuration but also of other configurations, e.g. truncated cone, in 
order to vary the open cross-sectional area and hereby the speed of conveyance. The 
outer edge of the screw flights will for the longest screw flights normally extend to a 

5 radixis which is constant along the longitudinal axis of the conveyor screw, so that the 
conveyor screw fits into a cylindrical cavity, but also this radius can be varied along 
the longitudinal axis so that the conveyor screw fits into a truncated cone cavity, for 
in this manner to vary the open cross-sectional area as well as the surface area of the 
cavity with which the conveyed mass comes into contact during the conveyance. The 

10 latter can be of advantage if, for example, the transmission of heat through the 
surface is to be promoted close to the outlet end of the conveyor screw. 

In order to reduce the inlet pressure for a conveying apparatus with the said conveyor 
screw, it is an advantage that the said least two screw flights extend over an inlet end 
15 part of the conveyor screw so that the radially shorter screw flights, e.g. 0.85-0.98 
times the radiiis of the longer screw flight, promote conveyance close to the inlet end 
and herewith increase the inlet suction of the conveying apparatus. 

, It is particularly advantageous that at least three screw flights extend over the inlet 
20 end part of the conveyor screw, where one of the least three screw flights extends at a 
greater radial distance from the longitudinal axis than the at least two other screw 
flights. 

In a preferred embodiment, the at least two screw flights which extend at a smaller 
25 radial distance from the longitudinal axis, extend from the hilet end and for different 
longitudinal distance from the inlet end, so the assisting transport effected by these 
radially shorter screw flights decreases gradually from the inlet end, and the mixing 
of the mass some distance into the conveyor is hereby increased, the result being an 
increase in the homogeneity of the mass. The radially shorter screw flights mainly 
30 effect the transport of the warmer ice-cream mass with a lower viscosity, and as the 
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temperature gradually falls from the inlet end towards the outlet end, the amount of 
ice-cream mass with the lower viscosity decreases and herewith that amount which 
the radially shorter screw flights are required to transport. 

5 It has shown to be advantageous that the pitch of the screw flights at the inlet end of 
the conveyor screw is relatively high, i.e. 0.9 to 1.4, preferably 1.1 to 1.3, as opposed 
to the normal pitch of the screw flights in such conveyor screws of 0.5 to 1, where 
the pitch is given as the ratio between the length of one screw flight in the 
longitudinal direction of the conveyor screw and the outer diameter of the longest 
10 screw flight. With a high screw pitch, a higher transport length per revolution of the 
conveyor screw is achieved, and the scraping frequency is reduced per length unit of 
the mass conveyed. The speed of rotation can herewith also be lower for the transport 
of a given volume of the mass. 

15 For conveyor screws used in connection with through-flow freezers, it is common to 
use a rotation in the range of 100-1000 revolutions per minute, lowest for larger 
cylinders and highest for cylinders with a small diameter. For a representative 
conveyor screw with an inner screw diameter of 1 05 mm, the speed will normally be 
between 200-600 revolutions per minute, which with a typical screw pitch of 

20 between a whole and half times the outer diameter of the worm will result in an axial 
scraping speed of 1 -3 .5 m/sec. 

With tiie invention it has been foimd to be possible and optimal to operate with a 
rotation speed right down to 10-50 revolutions per minute, preferably wilii 20-35 

25 revolutions per minute, as well as with a screw pitch which is unusually great. The 
scraping speed will hereby have a reduced value of only 1-10% of the conventional 
value, but in return it has been seen to be possible to realise the process in practice. 
More specifically, what is involved is a practically usable compromise between the 
power of the energy supplied as being sufficient for transport and scraping-off 

30 without giving rise to undesired heat. It is a surprising result that the low scraping 
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Speed and the associated low scraping frequency is adequate to keep the surface of 
the heat exchanger free to such a degree that it is possible to operate with a 
practically acceptable efficiency of the heat exchanger. 

5 It has also shown to be advantageous that the pitch of the screw flights is reduced 
along tibe longitudinal direction of the conveyor screw to 0.7 to 1, preferably 0.8 to 
0.9, at an outlet end of the conveyor screw. The pressure towards the outlet end is 
hereby somewhat increased, and the ice-cream mass or other mass which is 
transported by means of the conveyor screw assumes a suitable pressure at the outlet 

10 end for the feeding into subsequent processing machines such as extruding plant. As 
mentioned earlier, a corresponding effect can be achieved by increasing the diameter 
of the core of the conveyor screw, but where the manufacture is concemed it is 
preferred to reduce the pitch of the screw flights instead. 

15 Preferably, in order to achieve a complete scraping of the inner surface of the 
freezing cylinder by rotation of the conveyor screw, it is advantageous that over tiie 
whole length of the conveyor screw's longitudinal direction there is at least one 
screw flight which extends to a given greatest radius. 

20 If the conveyor screw is configured m such a manner that the screw flights which 
extend to the greatest radial distance from the longitudinal axis extend 
discontmuously in the longitudmal direction, so that a peripherally extending 
opening exists between these screw flights at least at one point along the longitudinal 
direction, it has shown that fluctuations in the discharge amount per unit of time can 

25 be reduced and actually completely eliminated. It has proved to be expedient with 
from two to eight of such openings along the frill length of the conveyor screw, 
preferably from three to six. Another way in which to determine how many openings 
it is advantageous to have is for the average distance in the longitudinal direction 
between the openings to be from 1 to 4 times the outer diameter of the screw, 

30 preferably from 1.5 to 2.5. The effect of the openings is that the pressure difference 
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between the pressure and suction sides of the screw flints is equalised, which has 
shown to give a more even distribution of pressure in the mass. The high viscosity of 
the mass has Ihe residt that the pressure differences in the transported meiss build up 
high local pressure gradients to a greater extent than for masses of low viscosity, 
5 inasmuch as the mass does not flow immediately due to the pressure gradient and 
hereby equalizes it 

In order to achieve the optimum effect of the said opening or openings, in a preferred 
embodiment the openings extend over 120 to 240** of the periphery, preferably over 
10 150 to 210^ of the periphery. 

BRIEF DESCRIPTION OF THE HGURES 

The invention is illustrated by an example shown in the attached drawing, where 

IS Fig. 1 is a schematic diagram illustrating a plant according to the invention. 

Fig. 2 shows a conveyor screw according to the invention seen from two sides. 

Fig. 3 shows a cross-section A-A of the conveyor screw shown in Fig. 2. 

Fig. 4 shows a cross-section of the conveyor screw shown in Fig. 2. 

Fig. 5 shows a section of a cross-section C-C of the conveyor screw shown in Fig. 2. 
20 Fig. 6 shows a section of a cross-section D-D of the conveyor screw shown in Fig. 2, 

and 

Fig. 7 shows a perspective view of the conveyor screw shown in Fig. 2. 
All measurements in the drawing are shown in millimetres. 

25 

DETAILED DESCRIPTION OF AN EXAMPLE EMBODIMENT OF THE INVENTION 
The production plant for the production of extruded ice-cream products, as illustrated 
schematically in Fig. 1, comprises a preceding through-flow freezer 1 which, from a 
supply 2, is suppUed with **mix" which passes a pimip 3 and a mixing compartment 4 
30 in which this mix is mixed with air from a source 5 of compressed air in order to 
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achieve a swelling of traditionally about 100%. This prepared ice-cream substance is 
cooled in the through-flow freezer 1 down to a temperature of approx. -5°C. 
Thereafter, the ice-cream mass produced hereby passes a mixing-in arrangement 6 in 
the form of a wing pump 6, where the solid ingredients are fed in to the suction side 
S of the pump 6 together with the ice-cream mass, so that a constant ratio between the 
ice-cream mass and the solid ingredients is achieved. 

The cooled substance is fed further to a subsequent through-flow freezer 7 for 
subsequent extrusion at a temperature of -10** to -20*^C, so that the cut-out ice bodies 

10 can be packed for direct transfer to tilie storage freezer. The subsequent through-flow 
freezer 7 is positively conveying, i.e. it comprises a conveyor screw 8 driven by a 
motor, which here is designated by W (work) to indicate that this driving will result 
in a certain supply of power to the ice-cream mass, partly due to the transport 
function itself, and partly due to the scraping work which is to be carried out by the 

15 conveyor screw 8 m scraping off the solid, frozen ice-cream mass. The ice-cream 
mass is led out via an outlet pipe 9 for further processing, such as extrusion. 

The conveyor screw 8 is shown in detail in Fig. 2, and at its inlet end 10 comprises a 
centre hole 1 1, shown in section B-B in Fig. 4, for seating of the conveyor screw 8, 

20 and a groove 12, shown in section A-A in Fig, 3, for coupling witii the motor W. 
From the inlet end there extends one scraping screw flight 13 with an outer diameter 
of 105 millimetres, and parallel with this, also from the inlet end 10, three further 
assisting screw flights 14, 15, 16 with an outer diameter of 97.8 millimetres extend in 
a manner whereby they do not reach the wall of the freezing cylinder in the 

25 subsequent through-flow freezer 7. 

The distance in the longitudinal direction of the conveyor screw 8 between the 
beginning of the screw flights 13, 14, 15, 16 and the end of the last screw flight 20 is 
738 millimetres. The first assisting screw flight 14 ends 68 millimetres in the 
30 longitudinal direction from its beginnings the second assisting screw flight 15 ends 
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188 millimetres in the longitudinal direction from its beginning, while the tiiird 
assisting screw flight 16 ends 298 millimetres in the longitudinal direction from its 
beginning. The scraping screw flight 13 is similarly discontinued 298 millimetres in 
the longitudinal direction from its beginning, and is succeeded by a second scrapiag 
5 screw flight 17 which starts at 10 millimetres shorter distance from the inlet end 10 
than where the first scraping screw flight 13 ends, but with a displacement of half a 
turn so that an opening appears which extends peripherally over 180°. The two 
scraping screw flights 13, 17 thus overlap each other in the longitudinal direction, 
and the whole of the wall in the subsequent througjh-flow freezer 7 is herewith 
10 scraped by a screw flight 13, 17. 

The pitch of the first screw flights 13, 14, 15, 16 is 120 millimetres, i.e. a screw flight 
extends over 120 millimetres in the longitudinal direction. The non-dimensional 
pitch is 1.14, the outer diameter of the conveyor screw 8 being 105 millimetres. The 

15 second scraping screw flight has a lower pitch, namely 1 12.5 millimetres or 1.07, and 
extends over 122.5 millimetres, after which it is succeeded by a third, a fourth and a 
fifth scraping screw flight 18, 19, 20 with decreasing pitches of 1, 0.93 and 0.86 
respectively, where each screw flight 18, 19, 20 overlaps the preceding screw flight 
by 10 millimetres, but is similarly displaced half a turn in relation to this. A cross- 

20 section C-C of a scraping screw flight 18 is shown in Fig. 5, and the end of an 
assisting scraper screw flight 15 is shown in Fig. 6. Finally, the whole of the 
conveyor screw 8 is shown in perspective in Fig. 7. 

The ends of the screw flights 13-20 should be carefully rounded in order to prevent 
25 the formation of large pressure gradients near the ends, which can otherwise result in 
the air being locally drawn out of the ice-cream mass with a smaller degree of 
swelling and larger air pockets as a consequence. On the pressure side, i.e. that side 
which is foremost and which scrapes the inner surface of the freezing cylinder, the 
scraping screw flights 13, 17, 18, 19, 20 can possibly be provided with a scraping 
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projection in order to ease the scraping of ice from flie surface. A large number of 
configurations of scraping projections are known from the literature. 



5 



